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A Method of Solution of the Geometrically Nonlinear Problems of Elastic Plates (I)
By Tadahiko Kawai, Member Hideomi Otsubo, Member

Summary

Since the famous paper on the postbuckling behavior of an elastic rectangular plate was published
by von Kirmén, much work has been done on the various geometrically nonlinear problems such
as large deflection, postbuckling, snap-through and dynamic stability of elastic plates due to lateral
as well as inplane loadings. Most of these studies are based on the Energy method proposed by
E. Trefftz, K. Marguerre and others in which solution can be found by the stationary condition of
the total potential energy of a given plate whose deflection is assumed in the form of known
functional series with unknown coefficients. Numerical calculation in this method, however, is so
laborious that problems of simple plate shapes, boundary conditions as well as loading conditions
were only considered before high-speed digital computers became available.

A practical method of solution on the general nonlinear problem of elastic plates with arbitrary
shape, boundary and loading conditions is proposed in this paper by extending the method proposed
by K.Marguerre, E. Trefftz and others. '

Displacement functions used are constructed by combined use of the finite element method and

Rayleigh-Ritz’s procedure.
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RILFR D EE B T 2 DA IIBMEE BB & L Th 2 & W3 RED T, E£EHR, EEER L DR
DEEBE DS DFHIL, M B ERIMNS 5\ IXEPREEMC LTHAT 3 25 & L 2R LT %o
CHIXEBREEIER OB BERER L L TIRESh e P—0% BOFHIBA DB A1 O\~ T DIEH p—
B Th 5,
5.3 ISR EE T 5RO BERFREE

BRELET D ERT 5720 (59) Rofhhic (14) REF 5, BRAFEDOARRE L 50T, m,OT&ao
O(Un'+ Uy—Wp) =0

(73

BT
S8(Unm~+2 Ug+ Uga+ Up—Wp) =0  (u, v, w) (74)

Tl (74) RO Un BEHBAOHEE L LWBE OEGITRBOE= XL ¥ Th 5,
SPHEMEERR LX), ROBIELR D,

u=ud+cuy 4c gy

=004y +evg " (75)
TCREL (w0, 0), Wu%ﬂ(%n%dﬁ%&®EWDW@%HKUﬁﬁ%#EWLTL6 LEFIAT DL
BRI 2 H T 5 R OBEMT O 1 KGEKIZKD L 5 17 bo

4E<am‘+—L(@ﬂ>3q*+6E<3m‘+{;<&“>z;aWM)awv 2

0z 2\ Oz ox 0z 0x Ox

02w ou, ow® 9 =
+2|:Eb<*‘3;‘31*>+E< a:l + 9z az;l)“vl(x H u11)+ VZ(XII ; a)]cl

- VI(X 3 ar) + Vo (Xig s ) =0 (76)
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5.4 WifBAEYHETHEROROR b AIE
5.3 OFEABEAREH T B R O RPTIE L FRRCEIR > c L2 T& 525 (14) Rk Tz OB H
PISMTERE 2 s\ D ¢ Wy=0 Lin5b,
Wy=c; Vo (wy) 77
THHOT, HRHROB OB LELIUTOX 5%,

Oty Ow, Ouyqy 0w, dw® Qw,
4E<ax+ <6w>) +6E<3 T (6:0)' oz 3:6)2
02 Q) ‘
2 B Gt )+ B (G4 2 2 e Vi =0 78)

oz 0x Oz
55 BB M E
SERDBRES A T(x,y,2) 2RI HHE, TOWPESMIRKXNTELDR %o
ezO=aT, g®=aT, T;®=0 (79)
DL EDVEMEDOMIL (65) KDL 51BEbh b,
(39) R (65) ROBIFRERAT S & BEUMEO®E 1 KELURITKD X S eitb,

0u ow ou 1 /0w \?
g (el m 1 (2))
+E,,< 5 ﬂcl—-zE(Mz(‘» ; a;:;‘>=o (80)
BEWTFRORME L FEARR 011/0c,=0 i% ¢ BT 5 3RABRTHID T ik320H%db, £0
5 HLERNPEEREY TTo IOIEDEHREBORE, NETCERTIBAKIL, 0U1/0c® 2 RDTL DI,

0, AR, BEFH, HVPE TREFEDOLTINTLEINNRE TE 5, ThbOFME, B4R
R PICE S W CTRBICRNS Z L 1T 5o

6 # £

SR DA T 5 — R & LT, PROEBEROMER I\ C K. Marguerre, E.Trefftz ZoD42
R ELZEEERESRBECESERR U, FERENENM v v B 5 \ik Alry OIEHIBIRFIXHEP O
BHERND D WILHEALEROBASHTBERRB T icicd, EMLERECEREEEZRE TR TIBS5 2
LIIREETH O, ThiOiENEcERL, FRERELYAVIZLRIDVBRLI, SDR=FX1VFH
HEBOFA L LU T oM — el RO 2 LN TEB L 5Dl 0ED, (1) SFROKE
ETURIE, (2) PR OBREEE ) WA AT IERMTL D WIIROB ) HE, 1) wHESfL S
WIHBEEMEET A RS LM E EBRSYE), (6) BIEHRERE (KBXIREIS 2\ W IXBIRERN
B) &x, XLRIHEREOKBLEELRABCE 25 2 LNTE Do FRERI W TR OKEEAME
D—RFRE BRI, KRBTt OREMBEOREM LR OFETRTZLieT %,

BREARTEE L) CBI L CHER VR WA ARERE, FHPESCRHCLET,
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